Purpose: As advances in research have made a growing number of genetic tests available, clinicians will increasingly be faced with making decisions about when offering genetic testing services to children is appropriate. A key factor in such decisions involves determining whether knowledge of genetic health risks might have an impact on children's psychosocial wellbeing. Methods: We conducted a systematic review of the literature using five online databases to identify studies that assessed the impact of communicating nondiagnostic carrier or presymptomatic genetic test results to children. Results: A total of 17 articles met the inclusion criteria for this review. These studies used a wide range of methodologies to explore carrier and predictive testing. Although there was little quantitative evidence that receiving genetic test results led to a significant impact on children's psychosocial wellbeing, it was found that methodological inconsistencies, small samples, and reliance on assessments most appropriate for psychopathology make any firm conclusions about the impact of genetic testing on children premature. Conclusion: Currently, there is insufficient evidence to inform a nuanced understanding of how children respond to genetic testing. This suggests a strong need for further research that uses rigorous approaches to address children's emotional states, self-perception, and social wellbeing. Genet Med 2010:12(6):317-326.
S
ince the inception of clinical genetic testing, health care professionals have been faced with the responsibility of determining when an individual is of an appropriate age to undergo testing. Although diagnostic genetic testing for childhood-onset conditions is standard practice, consensus has emerged among existing professional guidelines that children typically should not undergo predictive or carrier genetic testing unless there is a clear health benefit. 1, 2 Nonetheless, this issue has continued to raise controversy, in part because parents and children often express interest in obtaining genetic testing. [3] [4] [5] [6] [7] Advances in knowledge about genetics will magnify this debate, given that new genetic tests could be applicable to the whole population and complement existing prenatal, newborn, and pediatric testing practices aimed at the primary prevention of adult-onset health conditions. [7] [8] [9] [10] [11] [12] [13] The impact of offering genetic testing to children has been subject to considerable discussion among health practitioners, researchers, policy makers, and bioethicists, 6,7,14 -20 although the majority of publications on the topic are not empirical. 18 Many have noted the possibility that genetic test results (e.g., knowledge of increased personal risks) might have a negative impact on children's psychosocial wellbeing 14, 19, 21, 22 as measured by adverse emotional states, altered self-perception, or disrupted social relationships. 14, 15, [21] [22] [23] Countering these concerns is the perspective that testing may provide benefits such as relief from uncertainty, the opportunity to integrate risk status into an evolving self-concept, and improved social support through relationships with families and friends. 6, 17, 18, 20 Such debates over the benefits and harms are common in the genetic testing literature and have given rise to empirical studies that aim to clarify the relevant social and ethical issues. 24 -26 Most suppositions about how genetic testing might influence children psychologically and interpersonally have originated in the context of carrier and predictive testing. The information conveyed by these tests may influence psychosocial outcomes through different causal pathways. In the case of carrier testing, genetic tests are conducted to inform an individual of their risk for having a child with a specific disease. Concerns have been raised that such knowledge could interfere with children's expectations for future parental roles, causing distress or negatively influencing self-concept. 1, 27 In the case of predictive testing, where genetic tests indicate increased personal risk for a future disease state (e.g., adult-onset cancer), potential harms are that the test results might diminish a child's expectations of health and wellbeing, increase distress, or negatively alter life choices. 2, 14, 21 In both the cases, the impact of testing is likely to be complex. Developmental psychologists have noted the challenge of characterizing effects on children when multiple social and environmental factors influence each psychosocial outcome (i.e., the concept of equifinality) and identical genetic information could produce varied effects for different individuals (i.e., the concept of multifinality). 28 In this report, we present a systematic review of the empirical literature to explore the evidence base regarding the impact of genetic testing on children's psychosocial wellbeing. Outcomes considered under the general overarching term "psychosocial wellbeing" include emotional states (e.g., anxiety and depression), self-perception (e.g., self-concept, self-image, and perceptions of personal health), and social wellbeing (e.g., familial and peer relationships). The review will focus on responses of participants between 8 and 18 years (henceforth referred to as "children") and includes empirical research where genetic information about health was communicated to children directly or via their parents. Also, we only consider studies on carrier and predictive testing scenarios and exclude research on diagnostic testing, where children were already experiencing serious symptoms of the condition.
The review is organized to accomplish three major objectives. First, we describe the characteristics of existing research evaluating the psychosocial impact of genetic testing on children. We then present findings in the literature addressing whether genetic testing has an impact in children's emotional states, self-perception, or social wellbeing. In conclusion, we discuss gaps in the literature and suggest directions for future research.
MATERIALS AND METHODS

Database search methodology
The search strategy used in this literature review was informed by the approach described by Heshka et al. 29 To obtain citations, we queried five databases: Web of Science, Scopus, PubMed, PsycInfo, and EMBASE. The search specified that a title, abstract, or keyword contain at least one term from each of the four search categories that are listed in Table 1 : information source (e.g., "genetic testing" and "DNA testing"), age (e.g., "children" and "minors"), construct (e.g., "identity" and "anxiety"), and health domain (e.g., "health" and "condition"). All citations available in the databases as of January 21, 2009, were included.
Article selection
To be considered in the review, studies were required to: (1) be human subjects research published in peer reviewed journals in English, (2) convey genetic testing information based on actual, rather than hypothetical, genetic testing (studies using nongenetic biomarkers were excluded), (3) have at least half of the study sample be between the ages of 8 and 18 years at the time they received the genetic test result, (4) provide results to children who were not yet experiencing serious symptoms of the health condition, (5) include children's reports of subjective psychosocial wellbeing (specific outcomes of interest included but were not limited to worry, anxiety, depression, self-esteem, self-concept, self-image, perceptions of physical wellbeing, familial and peer relationships, and quality of life), and (6) not be a case study, review, or letter to the editor. Criteria for exclusion presented in Figure 1 were based on failure to meet one of these requirements.
The references and abstracts identified through the database search were entered into EndNote version 12 (Thomson Reuters, New York, NY), where duplicates across the different databases were removed. The lead author reviewed titles of articles based on the criteria described above, and then potentially relevant abstracts were evaluated for inclusion. In cases of uncertainty, a second author was consulted for an independent analysis. If the abstracts met the review criteria, full-text articles were retrieved and considered to confirm relevance. Reasons for exclusion were recorded and presented in Figure 1 .
To identify additional articles not found in the initial search, we used cross-referencing techniques to explore the following: (1) references in relevant articles, (2) articles with similar references to relevant articles (Web of Science), (3) articles that referenced relevant articles (Scopus), and (4) other articles published by the first and last author of relevant articles (Scopus). These searches did not yield any additional articles that met our search criteria.
Data extraction
Standardized forms were used to extract data from pertinent articles by two authors. The factors of interest were study design, study characteristics, measurement methods, and outcomes with relevance to psychosocial wellbeing. The data and interpretations were reviewed for accuracy and consistency by all authors, and differences were resolved through discussion. Blinding was not used to hide authorship, journals, and institutions during the review.
RESULTS
Overview
This review will address the following questions: (1) what is the scope of the literature examining the impact of genetic testing on children's psychosocial wellbeing? and (2) does evidence suggest that genetic testing influences children's emotional states, self-perception, or social wellbeing? In brief, this review found that the current literature on genetic testing of children is still in a formative stage and, thus, cannot be synthesized into definitive conclusions about the impact of carrier and predictive testing on children's psychosocial wellbeing. Nonetheless, the overwhelming majority of the existing data did not suggest that genetic testing has a clinically significant effect on children's emotional states, self-perception, or social wellbeing. The findings of the review, along with specific results indicating potential harms and benefits, are described in greater detail in the following sections. In addition, studies that adopted stronger measurement and design strategies are discussed as illustrative examples.
Study Characteristics
In total, 8430 unique citations were retrieved using our intentionally broad database search strategy (see Fig. 1 ). When titles and abstracts were evaluated using our detailed article selection criteria (see Methods), only 84 of these citations were found to have potential relevance. When the full text of these candidate articles was evaluated, 17 articles from 12 separate studies published between 1977 and 2008 met all of the study selection criteria. Seven studies examined the implications of carrier testing in children (Table 2) , and five studies explored the impact of offering predictive testing to children (Table 3) . Moreover, these tables include information on the study location, condition addressed, study design, sample, age at testing, and length of time between testing and measurement of psychosocial wellbeing.
The constructs addressed, measurement tools used, and significance of impact of the test in each study are presented in Table 4 . The 12 studies included international representation but were primarily conducted in countries with Caucasian populations. Also, the study samples included a relatively balanced representation of girls and boys. Most studies enrolled participants through clinical interactions with newly or previously tested members of at-risk families (with the exception of four studies that identified participants from screened high-school populations).
The majority of studies used a retrospective or cross-sectional design, with assessments occurring after the provision of the genetic test result. Exceptions to this were two prospective studies. Six of the 12 studies included at least one assessment averaging a year or less since testing, whereas 9 of 12 studies conducted at least one assessment averaging more than 1 year after testing. In addition, the majority of studies reported information and assessment designs that had the potential for differential attrition.
Most articles (10 studies) relied entirely on descriptive measurement strategies (based on face-to-face interviews or paperand-pencil surveys) and did not conduct statistical significance testing on comparisons. The remaining seven articles used established scales that allowed comparison between participant groups or with population control groups. Three of these studies indicated that their measurement tools had acceptable reliability, and only one mentioned having conducted a power analysis to ensure that their study could detect important differences.
Children's understanding of the genetic test was assessed in the majority of studies (8 of 12) . Although the studies ranged considerably in what knowledge was addressed, the most common question was whether the participants remembered their test result accurately (four studies). With respect to the communication of genetic test results, four studies sent letters directly to the children (three with a follow-up call to carriers), two studies informed the parent and/or child of the results in-person, and the remaining studies did not directly communicate test results because their study populations already knew their test status before enrollment.
Overall, the studies included in this review are heterogeneous and vary in quality. In addition to being conducted over a range of 30 years, there is relatively little overlap in study objectives, study populations, measurement tools, and carrier traits or health conditions addressed. Most studies were also limited by the small sample sizes, the potential for differential attrition, and the constraints of retrospective study designs. Finally, few quantitative studies had the proper design and power to detect significant differences in psychosocial wellbeing. Because of these concerns, the following sections will emphasize examples Studies that had overlapping populations.
C, carrier; NC, noncarrier; AR, at risk. 
͌, addressed in study; ϩ, beneficial clinically or statistically (P Ͻ 0.5) significant effect found; Ϫ, adverse clinically or statistically (P Ͻ 0.5) significant effect found. and data from studies with stronger designs that are not fully representative of the range of quality in the existing literature.
Impact on emotional states
Carrier testing
Studies using single questions to assess children's perceptions of emotional harm, 30 anxiety, 31 or influence on their lives 32 found no indication of an acute impact on children's affect. Multi-item scales examining emotional wellbeing, 33, 34 concern, 35 and emotional impact 36 similarly did not observe significant differences in emotional states between carriers and noncarriers.
This general lack of effect was found in a well-designed study by McConkie-Rosell et al., 36 which investigated the influence of communicating carrier status for fragile X syndrome to girls aged 14 -25 years (N ϭ 53). The investigators used the fragile X Visual-Analog Scale, a measurement tool designed specifically for the study. Overall, girls who were carriers (n ϭ 20) did not report significant changes in emotional responses (e.g., being upset, scared, relieved, angry, or happy) on learning their test results compared with when they learned that they were at risk, nor did the average ranking for any negative emotion exceed intermediate levels. Additional structured interviews with the girls supported the finding that the test results generally did not increase carriers' distress levels. This neutral impact is notable because fragile X carriers have a higher chance (ϳ25-50%) of having an affected child than is expected with most carrier tests. However, because the girls in the study knew they were at risk before testing, experiencing testing may not have significantly increased their concern over preexisting levels.
Several studies lend support to the possibility that carrier status may increase negative emotions. Indeed, between 20% and 70% of carriers expressed some level of worry, which was considerably higher than for noncarriers (2-10%). 30, 33, 37, 38 However, the importance of this finding is unclear because the questionnaires used by these studies were not sensitive enough to distinguish between worry experienced as a modest concern and clinically significant levels of worry that interfered with wellbeing (e.g., "If you were a carrier or your test result was uncertain, are you worried about it?" Answers were: yes, slightly, uncertain, indifferent, or no. 33 ).
Some studies also suggested that carrier testing may have emotional benefits for children, particularly when test results indicated that a child was not a carrier. Two studies that returned carrier test results for Tay-Sachs disease 30, 37 and fragile X syndrome 36 found that noncarriers had a positive emotional response on learning their result and that these responses were sustained over time. Also, in the context of fragile X carrier testing, some evidence from interviews suggested that girls who were carriers had better emotional coping after testing than untested girls who knew they were at risk. 36 Finally, retrospective reports indicated that most children were generally content with their overall experience of having undergone carrier testing. High proportions of tested children answered affirmatively when a single item question was used to ask whether they were satisfied with testing (90 -100%), 30, 31, 34 completely satisfied with testing (76%), 39 either satisfied or very satisfied (91%), 35 would be tested again (85-100%), 34, 39 and would recommend testing to a friend (76 -89%). 31, 34, 39 However, these measures could be subject to social desirability bias or, given the retrospective designs, optimistic recall bias.
Predictive testing
In the context of predictive genetic testing, most studies found no statistically or clinically significant differences in depression, 40 -42 anxiety, 40 -42 general psychological wellbeing, 43 dispositional optimism, 42 or behavioral problems and competence 40 -42 when comparing those with positive and negative test outcomes. However, the survey assessments used were generally intended for serious psychopathology and, thus, may not be sensitive to subtle nonclinical shifts in emotional wellbeing.
Illustrative of these studies is a prospective study by Codori et al. 40, 41 evaluating the impact of testing for familial adenomatous polyposis (FAP) among children aged 5-17 years. Information about the test and disclosure of the results were communicated to participants by a medical geneticist. The investigators assessed depression, anxiety, and behavioral states at four time points (before testing, and then 3 months, 1 year, and about 3 years after testing) using well-established measures. No clinically significant negative outcomes were observed among the children at any time point, regardless of the test result that they received. However, it is worth noting that the relatively small sample size (n ϭ 48) may have affected the ability of the study to detect significant effects.
Only one study, conducted by Michie et al., 42 provided support for concerns about emotional harm as a result of predictive testing for FAP among children aged 10 -16 years (N ϭ 60). Although most measures suggested no clinically significant impact and supported the conclusions of Codori et al. (described above), children who had high-risk test results for FAP reported worse scores than those who received negative results for worry (3.1 vs. 0.7 on a scale of 0 -6) and perceived threat (32.6 vs. 16.4 on a scale of 11-55). These findings were statistically significant, but their interpretation is ambiguous, given the lack of an established cutoff for clinical significance. It is also worth noting that children receiving positive results reported somewhat worse scores for depression, anxiety, and likelihood of clinically relevant anxiety at follow-up than those who received negative results, although none of these differences were clinically or statistically significant.
As in the context of carrier testing, some studies suggested that children experience positive emotions as a result of predictive testing. Prospective assessments (before testing, then 8 weeks and 8 months after testing) by Michie et al. 42 showed that children who tested negative for FAP (n ϭ 15) seemed to benefit from statistically significant drops in worry, anxiety, perceived threat, and situational distress after learning their test result. Moreover, longitudinal results found that children who tested positive for FAP (n ϭ 16) had nonsignificant improvements for some emotional states over time. 42 However, as mentioned above, these differences are in some cases difficult to interpret with respect to clinical significance. Finally, two studies found that children reported relatively high levels of satisfaction with testing. 42, 44 Impact on self-perception
Carrier testing
Results of studies on carrier testing generally suggest no significant effect of carrier testing on children's self-image, 30, 31, 38 self-concept, 36 or self-evaluations of physical wellbeing. 33, 34, 36 For example, in the study by McConkie-Rosell et al. that explored self-concept among girls tested for fragile X carrier status, girls' responses on the Tennessee Self-concept Scale II were within the normal range for all groups, and there were no significant differences between the carriers (n ϭ 20, mean score 56.60), noncarriers (n ϭ 18, mean score 52.17), or those at-risk (n ϭ 15, mean score 53.33; 82 items, ␣ ϭ 0.73). 36 Furthermore, no significant differences were found between the three groups for any of the nine subscales (physical, moral, personal, family, social, academic/work, identity, satisfaction, and behavioral states). Responses to a question asking "has knowing your carrier status affected the way you feel about yourself?" showed the most positive feelings from noncarriers, whereas carriers had marginally positive feelings and at-risk participants reported no effect. Although girl's responses in structured interviews were complex and varied, there was little indication of major shifts in self-perception. However, it is worth noting that the time lag between testing and assessment, approximately 4 years on average, may have diminished the ability of this study to detect significant effects.
Predictive testing
Two studies on predictive testing among children did not support either positive or negative influences on self-esteem, 42 self-perception, 43 or health-related wellbeing. 42, 43 As an illustration of these findings, Michie et al. 42 used the well-established Rosenberg Self-Esteem Scale (10 items, ␣ ϭ 0.77) to assess children's response to genetic testing for FAP. Both the cross-sectional (n ϭ 60) and prospective (n ϭ 31, follow-ups at about 8 weeks and 33 weeks) results indicated that tested children had self-esteem measures in the normal range regardless of the test result (30.4 for those testing negative and 32.4 for those testing positive, on a scale of 10 -40) . Furthermore, children's perceptions of their physical wellbeing may not have changed dramatically in response to testing because when asked "in general, how would you describe your current health," almost all children ranked their health as good or excellent (26 of 29 who tested negative; 30 of 31 who tested positive).
Impact on social wellbeing
Carrier testing
Among the studies that asked children whether knowledge of their carrier status resulted in altered social relationships, most found little indication of an impact. Generally, carriers did not see testing as having influenced their relationships with parents, 32, 34, 36 siblings, 36 or extended family. 36 Tested children also did not express difficulty communicating with their family about their results. 30, 35, 36, 38 For example, the study by McConkie-Rosell et al. 36 on fragile X syndrome testing among girls assessed their relationships with parents, siblings, and extended family (e.g., "How has knowing your carrier status affected your relationship with your siblings?"). No significant differences were found between carriers (n ϭ 20), noncarriers (n ϭ 18), and untested at-risk girls (n ϭ 15).
Modest evidence of a negative impact on children's social wellbeing was found in two domains; future relationships and parental roles. Four studies 30, 31, 35, 38 conducted in high-schools found that most students (65-100%), particularly carriers, would want to know the carrier status of a future partner. In some cases (17%), noncarrier students said they would use carrier status as a criterion for partner selection, even when there was a vanishingly small chance of having an affected child. 31 Interviews conducted by McConkie-Rosell et al. 36 also suggested that fragile X syndrome carrier and at-risk girls have heightened concern about future parental roles and frequently mentioned barriers to parenthood (such as difficulties with finding a partner and having an affected child).
Indications that carrier testing has a positive impact on children's social relationships were found in a single study conducted by McConkie-Rosell et al. 36 Comparisons between girls who had been tested for fragile X syndrome carrier status (n ϭ 38) and girls who were untested but known to be at risk (n ϭ 15) found that testing was significantly associated with more positive evaluations of relationships with friends after learning their status. Interviews also suggested that testing correlated with much greater willingness to communicate with and receive support from friends and the belief that the testing experience had a positive impact on their family. Furthermore, half of the noncarriers expressed relief during interviews that they no longer had to worry about how their potential carrier status might impact their future roles as parents.
Predictive testing
Neither of the two studies examining social relationships in the context of predictive genetic testing suggested a strong positive or negative impact. The first study, conducted among children who had all tested positive for cardiovascular disease risk (n ϭ 35, 8 -18 years), found no significant impact on parental and peer relationships using established quantitative measures, and this finding was largely supported in semistructured interviews. 43, 45 Another study conducted by Codori et al. 40, 41 (discussed previously) asked whether the response of tested children was influenced by the risk status of other family members. Although no clinically significant impact was observed for depression, anxiety, and behavioral problems, affected children with a sibling who tested positive had a higher likelihood of depression that was statistically significant. The status of siblings also appeared to influence children's behavior and anxiety levels. In addition, it is worth noting that children with affected fathers tended to have better depression, anxiety, and behavioral problem profiles than children with affected mothers, although this was not a significant finding at most time points.
DISCUSSION
Our systematic review of the literature identified 17 published articles that met the inclusion criteria. The clearest conclusion of this review is that the evidence base is sparse and lacking in replication to an extent where it can only provide a relatively superficial picture of the psychosocial impact of genetic testing on children. Comparisons across studies were hindered by the wide variability in carrier traits and health conditions addressed (see Table 2 and 3) and the many different approaches used (Table 4) . Virtually, all quantitative studies were susceptible to differential attrition, had limited power to identify significant effects because of small sample sizes, and used measurement tools better suited to studying the psychosocial impact of major traumatic events. Finally, the near universal use of retrospective study designs limits insight into the causation of psychologic effects and raises questions about whether children would be able to accurately recall the details of their testing experience. 46 Because of these concerns, we acknowledge the precursory nature of the findings in this review and repeat previous calls for further research that clarifies the psychosocial impact of genetic testing on children in a rigorous manner. 17, 18, 47, 48 Despite these limitations, a preponderance of the early evidence suggests that children who received genetic test results, whether indicative of increased risk or not, did not experience significant changes in psychosocial wellbeing. 30,31,33,34,36,38,40 -43,45 However, it is plausible that this lack of impact was because of methodological weaknesses in quantitative studies rather than an absence of responses among children. The most adverse findings were relatively high levels of worry about the test among those at risk and some indication that testing might influence children's perspectives on future partner selection and parental roles. 30, 31, 37, 38, 42 Beneficial influences also were observed, including high reported satisfaction among tested children and positive emotional responses among children who tested negative. 30, 31, 34, 36, 37, 39, 42 Implications for future research Although this review suggests that a majority of publications do not indicate a substantial impact of genetic testing on children's psychosocial wellbeing, most position statements recommend against the testing of children. 1, 2 This difference is likely because of the serious limitations of the current evidence and a tendency of health care organizations to take a precautionary stance with respect to potential harms, 49 particularly when children are involved.
We suggest four areas for consideration in future research that will assist these organizations in developing evidencebased practice guidelines (see Table 5 ). Specifically, we recommend that studies: (1) consider new genomic tests assessing risk for common health conditions, (2) use prospective study designs, (3) include sensitive and appropriate psychosocial assessments, and (4) examine the web of social relationships.
Forecasts of advances in genetic technology suggest a future in which the current paradigm of genetic testing (where single variants for rare disorders are detected) will be broadened to genomic testing (where many variants are tested simultaneously to indicate risk for multiple common diseases in the absence of a known family history 7, 17 ). Such testing could enable primary prevention to be targeted to the young and healthy by motivating decreases in tobacco use, poor diet, and physical inactivity, all of which are habits established in early childhood. 7, 50, 51 The consequences of offering such genomic testing to children may be substantially different from the single-gene testing approaches considered in this review. The results of genomic tests are likely to span multiple health conditions, contain considerable ambiguity, and suggest a range of behavioral modifications. Although the observed lack of effects on global psychosocial traits found in this review may generalize to genomic testing, such extrapolation is currently speculative. Therefore, we believe that forward-looking research that addresses genomic testing among children is both appropriate and necessary before implementation. This need is emphasized by the fact that several commercial genetics companies already offer direct-to-consumer genomic testing services for children, which provide information about disease risks, physical traits, psychological characteristics, and ancestry. 52 Specific research domains that might be particularly helpful in policy development include the following: characterizing how children understand complex genetic risk information, studying the impact of highrisk test results on health behavior change in the context of the family, and clarifying how genomic information influences components of children's psychosocial wellbeing.
A second area for consideration is the need for study designs that can assess how psychosocial conditions change prospectively over time. It is essential to establish a temporal order that helps clarify whether observed changes in psychosocial constructs could be causally attributed to genetic testing. This may be especially important among high-risk families. If children suspect that they are at increased risk, negative emotional effects may exist before testing. Even in studies where children are not expected to have a strong family history of disease, current evidence suggests that children's psychosocial response may change over time and, therefore, should be addressed with multiple follow-ups. 36, 37, 42 Of note, it may be most effective to include at least one assessment within the first 3 months after testing, given that this is the timeframe where adults are most affected by genetic test results (e.g., short-term changes in stress or distress). 29, [53] [54] [55] [56] [57] [58] A third area for consideration is the need for appropriate assessments. The measurement tools that were used by the quantitative studies in this review mainly assessed changes in global psychosocial constructs associated with pathology (e.g., depression, anxiety, and disrupted self-concept). These tools consistently failed to detect substantial differences between those at higher genetic risk and comparison groups, a finding which seems to be in line with other health research among children. For example, children with existing genetic conditions or stigmatized physical conditions, such as sickle cell anemia 59 or obesity, 60 seem to have only modest changes in measures of global psychosocial wellbeing. Furthermore, a lack of sustained global psychosocial impact also has been repeatedly observed among adults tested for a wide range of genetic conditions. 29, [53] [54] [55] [56] [57] [58] Some evidence in this review suggests that genetic testing is more likely to produce subtle effects on children that might initially be explored most effectively using mixed methods approaches. For example, studies using structured interviews revealed the complex ways that children interpret test results (e.g., genetic identity and complex social impacts), many of which were not addressed by global quantitative measures. 36 questions specifically about the testing experience (e.g., "How has knowing your carrier status affected the way you feel about yourself" 36 ) rather than a global feeling were more likely to observe significant differences between children with positive or negative test outcomes. Taken together, this suggests that qualitative and test-specific quantitative measurement approaches should be considered when appropriate to the study goals. Specific areas in need of research include development of measurement tools that can detect subtle changes in children's wellbeing and analysis that clarifies whether such shifts are of a sufficient magnitude as to warrant concern in a clinical context. Studies could also be improved by using existing theoretical models to develop hypotheses about children's response to genetic information about health. [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] Including less extensively studied concepts such as benefit finding, [63] [64] [65] hoped for and feared possible selves, 66, 67 adaptive coping, 63, 68 resilience traits, 69 and communal coping responses 70 may lead to a richer understanding of children's testing experienced. Furthermore, research that examines the translational potential of genomic or genetic testing of children (e.g., studies assessing methods for communicating test results, approaches for the use of testing in clinical settings, and influences of testing on health or health behavior outcomes) should be considered alongside psychosocial effects so as to make possible a balanced risk/benefit analysis before the test implementation. 71 Finally, future research should address the fact that children seem to understand genetic test results within a web of social influences. This review suggests that carrier and predictive genetic testing, particularly in the presence of a family history of disease, is intermeshed with family and peer relationships. 36, 40, 41, 61 Fully exploring these influences will involve addressing the roles that relevant individuals play in relationships (emotional support, care giving, leadership, health advice, etc.), 72 and also their test status, their gender, and their connection to the tested individual. 40, 41 Other factors, such as the environment where children receive test information (e.g., home, clinic, school, and religious institution) and their racial and ethnic background 73, 74 are also likely to play a role in the type, relevance, and influence of different social networks. Finally, given the role that parents play in forming children's health beliefs and behaviors, a more detailed understanding of parental responses to their children's genetic test results will be essential.
In considering these suggested directions for future research, it is important to note that the approach taken in this systematic literature review is limited in several ways. First, the review was restricted to peer reviewed articles in journals published in English, and therefore it is plausible that it excluded relevant findings presented in other publication types and languages. Perhaps more importantly, the review focused exclusively on the response of tested children who were not experiencing serious disease symptoms. As such, some research that is broadly relevant to understanding the impact of genetic testing on children was not addressed. In particular, assessments of children's wellbeing that relied exclusively on parental or clinician reports were not reviewed. Also absent from this review are studies that examined responses to genetic testing for childhood-onset conditions and explorations of the attitudes toward testing of untested children.
CONCLUSIONS
Current research on carrier and predictive genetic testing among children provides little evidence of a significant negative or positive impact on an array of indicators of psychosocial wellbeing. However, the methodological approaches used in quantitative studies might have been inadequate to detect important effects on children's emotions, self-perception, and social wellbeing. Furthermore, the existing literature on singlegene traits may not generalize well to children's response to future uses of genomic testing because the clarity, specificity, and implications of these approaches are substantially different. In light of these considerations, additional research is needed to gain a more accurate understanding of when offering genetic information to children can achieve health benefits.
